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Abstract 
 
Lithogenic diet, casein and apple fiber diets were fed to hamsters for 3-5 weeks.  For 
control group, animals were fed on normal Purina chow without any supplement.  The 
cholesterol lowering effect of lithogenic diet, casein and apple diets were compared.  
After dietary regimen, animals were screened for any gall stone formation. The isolated 
liver microsomes were separated from animals and tested for the cholesterol-7α 
Hydroxylase (CH) enzyme activity measurement in all three groups. The control animals 
did not show any gall stone formation and their CH enzyme activities were normal. The 
lithogenic diet showed significantly enhanced CH enzyme activities while animals fed on 
casein and apple diet regimen showed moderate increase in microsomal CH enzyme 
activity indicated cholesterol lowering in liver.  In conclusion, cholesterol 7α hydroxylase 
may be a biomarker of cholesterol status in the body and microsomal CH enzyme may be 
lowered down after treatment of casein and apple diets. 
Key words: cholesterol 7α hydroxylase, apple, casein, hamster, gall stone, cholesterol 
lowering 
 
Introduction 
 
Five million Americans suffer from some type of diagnosed symptomatic cholesterol 
saturation disorder while an even larger number are believed to be suffering from an 
undiagnosed cholelithiasis related disease. The cholesterol saturation in bile and blood is 
a common problem as hypercholesterolemia and it leads to gall stones mainly 
complicated with atherosclerosis, obesity and fatty liver sooner or later [1,2,3].  Dietary 
fibers, bran, pectins as bioactive foods have proven effective in serum cholesterol 
lowering or hypocholesterolemic effect. Apple dietary fiber and rice bran, a 
predominantly insoluble fiber source was reported to show hypocholesterolic effect in 
hamsters [4]. Apple fiber is among top five high fiber diets rich in cellulose, 
hemicellulose, lignin, pectin contents with potentials of hycholesterolemic effect[5,6]. 
Having evidences of their hypocholesterolemic effects, the mechanism of these dietary 
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fibers still is not clearly defined how cholesterol concentration in bile and liver is 
regulated by enzymes. Cholesterol is ultimate saturated lipid synthesized from precursor 
acetyl CoA (formed as end product of glycolysis) to mevalonate, sequalene and farnesyl 
phosphate intermediates through several biochemical reactions. Cholesterol serves as 
precursor of mobile lipids in the blood and bile emulsion made up of very low density 
(VLDL) low density (LDL), and high density (HDL) lipoproteins.  In bile, cholesterol is 
synthesized from its precursor acetyl CoA to hydroxyethyl CoA and further to 
mevalonate intermediate precursor to synthesize cholesterol as shown in Figure 1.  In 
catabolism, cholesterol breakdown takes place by cholesterol 7α hydroxylase enzyme[7].  
The hydroxyl group on 7
th
 carbon in cholesterol plays a major metabolic regulatory role 
in the action of cholesterol 7α hydroxylase enzyme activity. Dietary cholesterol controls 
the biosynthesis of cholesterol by inactivating the existing 3-hydroxymethylglutaryl CoA 
reductase (HMG-CoA Reductase) and suppressing the synthesis of additional reductase 
[8,9]. We showed the dietary fiber binds and removes the extra bile acids from the system 
and thereby causes cholesterol to be converted into replacement bile acids. However, 
postcholesystectomy develops symptoms despite of function gall bladder [10]   
 
In previous experiments, dietary supplemented bile acids and salts in combination 
showed cholesterol desaturation and reduced gallstone formation in animals and human 
both [11-17]. The major factor of cholesterol desaturation was the physical phase 
transformation of cholesterol into bile cholesterol esters and metabolic desaturation of 
cholesterol because of cholesterol conversion into different lipoproteins [18-23].  In 
present study, role of hepatic cholesterol 7α hydroxylase in cholesterol lowering and its 
regulation or reduced HMG-CoA: Cholesterol 7 α hydroxylase ratio is explored by apple 
diet supplementation to hamsters. 
 
Materials and Methods 
 
Animals: Hamsters weighing 150-225 gm were locally raised at animal laboratory at All 
India Institute of Medical Sciences, and placed in plastic cages fed on cholesterol rich 
diet for the period of one-four weeks under constant supervision for any change in weight 
as per Institute Animal Care and Use Committee. Animals were grouped in four groups: 
control group, lithogenic or high cholesterol group, apple supplemented group, and casein 
supplemented group fed on normal Purina (Rodent Ralston Purina), high cholesterol diet, 
apple supplemented diet, casein supplemented diet  respectively, with ad libitum water 
[24]. After different intervals, cytochrome P450 protein and CH enzyme were estimated 
as biomarker of time dependent cholesterol changes and cholesterol regulating CH 
enzyme in liver.  
 
The lithogenic high cholesterol dietary additive supplements* were used to fed animals 
and to develop cholesterol gall stones in animals as positive control animal group.  Other 
two experimental animal groups included apple diet** and casein diet*** groups. The 
Purina diet contained sucrose (550 g/kg wt), vitamin mix (40 g/kg wt)  
*Cholesterol pure form 0.25% added in diet (w/w)  
**Apple pulp fiber was added in Purina 5% in diet (w/w) 
***Casein powder (250 g/kg animal weight) was added in Purina 5% in diet (w/w)    
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 At the end of each experiment, animals were killed by decapitation within 2-h span in an 
order determined to distribute time of death among different dietary treatments 
throughout that period. Livers were stored at -80 °C [24]. 
 
Isolation of hepatic microsomes: The hepatic microsomal preparations from hamster 
livers were done by liver cell isolation, density gradient ultrafast centrifuge at x10
5
 g 
centrifugal force to isolate the microsomal fraction as source of cytochrome P450 and 
cholesterol 7α hydroxylase enzyme activity. The microsomal isolation was done by our 
modified method as described elsewhere [25].   
 
Cholesterol enzyme estimation and enzyme activity: Cholesterol was delivered in 
Tween 80 as previously described and modified by our group [22]. Briefly, in a total 
volume of 500 μl, each assay tube contained 75 mmol/l phosphate buffer, pH 7.4, 1 
mmol/l EDTA, 2.5 mmol/l DTT, 5 mmol/l MgCl2, 3 mmol/l NADPH, [4 
14
C]cholesterol 
(1.1×10
6
 dpm, 100 000 pmol=0.2 mmol/l), 0.78 mg Tween 80 and 500 μg of liver 
microsomal protein. The preincubation time during which NADPH was omitted was 2 
min at 37°C. The incubation time was 20 min. 
 
The improved assay for cholesterol 7α-hydroxylase activity in hamster liver microsomes 
was performed as following [22]. In a total volume of 500 μl, each assay tube contained 
75 mmol/l phosphate buffer, pH 7.4, 1 mmol/l EDTA, 0.5 mmol/l DTT, 5 mmol/l MgCl2, 
1 mmol/l NADPH, [
14
C]cholesterol (1.1×10
6
, 26 000 pmol, 52 μmol/l), 4.5 mg HPBCD, 
10 mmol/l glucose-6-phosphate, 2 U glucose-6-phosphate dehydrogenase and 250 μg of 
liver microsomal protein. Assay tubes were incubated at 37°C in a shaking water bath 
(Maxi-shake, Heto, OSI, France). The preincubation time during which only NADPH 
was omitted was 5 min and the incubation time following initiation of the assay with 
NADPH was 6 min. The reaction was terminated by adding 40 μl of 5 mol/l NaOH. Zero-
controls were always run in parallel by the addition of 5 mol/l NaOH at the beginning of 
the preincubation. The sterols were extracted (after neutralization) with 4.3 ml of 
dichloromethane–ethanol (5:1, v/v, plus 1.2 ml of H2O). A mixture of unlabeled 7α- and 
7β-hydroxycholesterol was added and [14C]7α-hydroxycholesterol was separated from 
7β-hydroxycholesterol by thin-layer chromatography (TLC) on silica gel G using a 
double migration technique with ethyl acetate–hexane (1:1, v/v). In all cases, activity was 
linear with respect to the amount of microsomal protein added and the incubation time. 
The amount of endogenous cholesterol present in assays ranged from 4.75–5.5 μg for 250 
μg of microsomal protein. 
 
Enzyme cholesterol 7α hydroxylase reaction and effect of cytochrome P450 and 
cholesterol additives:  In control and apple diet supplemented animal liver microsomal 
preparations, cholesterol 7α hydroxylase enzyme activity were mesaured at different 
concentrations of cytochrome P450 protein. In other set of experiment, cholesterol 7α 
hydroxylase activity was measured at different cholesterol concentrations added in the 
reaction mixture. 
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Results 
 
   The hamsters were active healthy and responsive throughout the span of study.  The 
weight of animals varied in the range of 20%-40% after lithogenic diet.  The animals did 
not show any symptoms of indigestion after dietary treatment of casein and apple fiber.   
 
   The treatment of casein and apple fiber showed measurable difference in the CH 
enzyme activity in microsome.  However, control animal CH activity remained constant 
through out study.  The CH enzyme activity was linearly changed with the hydroxylation 
of cytochrome P450 protein.  The cytochrome P450 hydroxylation was proportional to 
the cholesterol added in the enzyme reaction medium.  The treatment of high casein and 
apple fiber contents in hamsters did not affect the enzyme activity in reaction medium 
and medium conditions.   
 
Table 1: Cholesterol 7α hydroxylase specific activities in animals fed on different diets. 
 
Diet         Micrososomal        Cytochrome P450/mg           Cytochrome P450/mg protein 
                Cholesterol 7α              protein (total)                                 (fraction A) 
                 Hydroxylase* _________________________     _________________________ 
                                         Content          7α hydroxylase       content        7α hydroxylase  
Control         2.20 + 0.25   18.4 + 0.2      0.70 + 0.1                 18.5 + 2.2       0.85 + 0.15 
Lithogenic    1.79 + 0.20   10.2 + 0.9      0.65 + 0.1                 16.5 + 2.0       0.75 + 0.20 
Apple diet    3.45 + 0.50    24.6 + 2.0       1.2 + 0.15                20.5 + 2.5        1.8 + 0.15 
Casein diet   2.81 + 0.30   12.2 + 0.2      0.48 + 0.5                         --                     -- 
Specific activity of CH enzyme* is expressed as pmoles cytochrome P450 catalyzed per 
minute. 
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Figure 1:  The cholesterol 7α hydroxylase enzyme activities are shown as histogram 
graphs. 
 
The cholesterol 7 hydroxylase enzyme activity and cytochrome 450 concentration in 
liver cell microsomes:  The purity of microsomes was 96% based on microscopy.  In 
isolated microsomes the indicator enzymes showed the active state of microsomes 
without enzyme deactivation throughout the experiments.  The enzyme activity was 
substrate concentration dependent and substrate specific.  The end product of cholesterol 
conversion to hydroxycholesterol by CH enzyme indicated the nature of enzyme reaction 
as dependent on cytochrome P450 and NADP reduction at optimum pH 7.4 in Tris buffer 
medium.  The addition of different cholesterol concentrations in enzyme reaction medium 
containing control microsome showed the linear change in CH enzyme specific activity.  
The cholesterol lowering effect of diets in different animal groups was in the increasing 
order of control group I >  lithogenic diet  II > casein group III > apple diet group IV as 
shown in Table 1 and Figure 1.  The effect of each individual diet was distinct and CH 
activity was decreased in animals after diet treatment while enzyme reaction medium did 
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not show any change in cholesterol and cytochrome P 450 contents. It indicated further 
that enzyme activity changes were due to diet treatment. 
 
Table 2: Effect of cytochrome P450 and cholesterol concentration on purified  
cholesterol 7α hydroxylase system (microsomal). 
 
     Diet (group)                        Concentration of     Cholesterol              7α hydroxylase 
                                                 Cytochrome P450   concentration                 activity 
                                                   (in nanomoles)**     added                    (picomoles/min) 
Control                                        0.250                      25 n mol                         36.5 
Apple diet                                   0.250                       25 n mol                         35.0 
Control                                        0.50                        25 n mol                         55.0 
Apple diet                                   0.50                         25 n mol                        60.25   
Control                                        1.0                          25 n mol                         57.0 
Apple diet                                    1.0                          25 n mol                        65.5 
 
Control + cholesterol                   0.5                          50 µM*                         10.5  
Control + cholesterol                   0.5                         100 µM*                        28.5 
Control + cholesterol                   0.5                         200 µM*                        34.2 
Control + cholesterol                   0.5                         400 µM*                        55.0 
Control: Group I;  Apple diet: Group IV 
*Group I animal liver microsomes were added with different cholesterol concentrations.  
 
Animals on apple supplemented diets showed dependence of cholesterol 7α hydroxylase 
on cytochrome P450 protein content and cholesterol in the reaction mixture. With 
increasing cytochrome P450 protein in microsomes, enzyme elevated and apple diet 
enhanced further the enzyme activity. It indicated the apple diet effect independent from 
cytochrom P450 protein. The cytochrome P450 protein stimulated enzyme activity 
behavior was close to sigmoid pattern at constant cholesterol concentrations. Enzyme 
activity enhancement showed dependence with both cytochrome P450 protein 
concentrations and cholesterol concentrations. The cholesterol concentrations in reaction 
mixture and enzyme activities showed linear relationship as shown in Table 2.  
 
Discussion 
 
The cholesterol plays a major role in body as precursor of several vitamins, steroids, bile 
salts and synthesis of esters.  The increased amount of cholesterol in the blood and tissues 
was discovered in the middle of past century and present time it is serious health hazard 
in stroke, cardiovascular and renal occlusion as cholesterol deposits around the walls with 
time [1,3,7,9,12,15].  However, in liver its role is more aggressive as cholesterol 
saturation during bile salt synthesis in bile formation.  The balance between two enzymes 
for: mevalonate conversion in to HMG CoA by hydroxymethylglutaryl CoA reductase 
enzyme and cholesterol conversion to hydroxycholesterol by cholesterol 7α hydroxylase 
enzyme, is the key of cholesterol saturation or cholesterol desaturation in the body[8,9, 
22].  The initial cholesterol saturation leads to effect bile saturation and slowly occludes 
vascular walls in renal, cardiovascular and cerebrovascular system[1,17,24].   
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      An apple a day provides great phytonutrients (phyto=plant) and a good dose of fiber. 
One medium apple contains about 23 grams of carbs and 4 grams of fiber.  Apple pulp 
processing and juice manufacturing is now a booming industry and recently apple 
products are identified with cholesterol lowering property [12,14,15,16]. The dietary 
fiber content in apple further adds up the double benefit of cholesterol lowering with 
renal dysfunction and enhanced fecal steroid excretion [12,14,15,16].  
Table 3: Apple dietary composition is shown in whole apple and apple pulp in fiber content  
                                             Apple Pulp fiber  
 
                  Source                   Serving         Content  % energy 
raw 1 small 55-60* 3.0 
raw 1 med 70 4.0 
raw 1 large 80-100* 4.5 
baked 1 large 100 5.0 
apple sauce 2/3 cup 182 3.6 
                              Whole Apple  
raw 1 whole 17 0.8 
dried 2 halves 36 1.7 
canned in syrup 3 halves 86 2.5 
 
*Important as dietary fiber is, laboratory technicians have not yet been able to ascertain 
the exact total content in many foods, especially vegetables and fruits, because of its 
complexity. Consequently, estimates vary from one source to another. Where differing 
estimates have been found, an approximation is given in the chart, as indicated by an 
asterisk. The same symbol following calorie content means the number of calories has 
been estimated, varying according to other added ingredients, especially fats and sugars, 
and to the size of the "average" fruit or vegetable unit. Reference: Bowel Function and 
Dietary Fiber: Warren Enker http://www.wehealny.org/healthinfo/dietaryfiber/index.html) 
 
 
     Lithogenic diets are advocated as inducing cholesterol saturation due to their action on 
cholesterol sterol to make cholesterol free as one of the major lithogenic effect.  These 
lithogenic diets are considered to have negative effect on omega 3 and omega 6 fatty 
acids in the body and remain a major focus of their characteristic in plaque formation or 
atherosclerosis.  The cholesterol lowering diets rich in omega 3 and omega 6 fatty acids 
have been investigated and reported to show major benefit in lipid lowering including 
cholesterol lowering [25].  The diets rich in fibers have been a major attention since last 
decade due to their double benefit to reduce lipids with cholesterol desaturation in the 
body  and maintaining intestinal satiety free from any microvillus membrane damage 
[11,12,13,14,17].   
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    The apple fiber was recently reported as major fruit content in the bulk of apple.  The 
apple fiber was rich in cellulose, hemicellulose, lignin, and pectin contents and very 
compatible to the human digestive system free from any tropical sprue, pain or 
constipation[15,16,17].  The apple fiber has significant activity to lower down the 
cholesterol in the liver.  The study focused on unique possibility of cholesterol lowering.  
The cause of cholesterol desaturation or cholesterol lowering could be either rapid 
cholesterol conversion to its hydroxylated product or it could be slowing down of 
cholesterol precursor HMG CoA formation to make less available cholesterol or to 
deprive the cholesterol formation.  Here are several issues remain unanswered.  First, the 
proposed cholesterol 7 hydroxylase activity is not solely cholesterol specific but includes 
other cholesterol derivatives or its analogues.  Second, dependence of cytochrome P450 
and NADP reduction is not solely represents hydroxylation reaction but other redox 
reactions active in the medium at optimal pH 7.4 and temperature 37 °C.  Third, liver 
microsomes are very specific to intracellular conditions such as state of substrate, 
reaction medium composition, physiological variables etc.  During liver cell fractionation 
and microsomal isolation there is every possibility of deactivation of enzyme and loss of 
enzyme protein.  Fourth, the dietary effect on cholesterol lowering is not single 
biochemical or metabolic disorder but diet may also effect the other lipids and bile salts 
made from cholesterol. So, the dietary effect is a compound effect on group of lipids in 
both gall bladder and blood participating in lipid disorder.  Fifth, cholesterol is not single 
lipid compound to represent the lipid disorder or bile disorder in the body as other lipid 
compounds also compete with cholesterol during bile formation or lipid lowering. Sixth, 
hypocholesterolemic effect is really increased by activation of fiber or pulp binding with 
alkaline earth metals, hydroxides, carbonates and phosphates or not. 
 
     Recently, bioactive foods were highlighted to play major role in cholesterol 
desatutaion and lipid lowering such as guggulipid, garlic, fish fatty acids.  Still fiber rich 
foods remain less known and there is paucity of information on the role fibers in lipid and 
cholesterol management.  The study throws a possibility of the cholesteremic action of 
naturally available apple fibers and casein proteins in the body applicable to human.  
Casein is known to play a major role in cholesterol lowering and increasing HDL 
cholesterol in the body [27].  Still it remains to investigate if the biochemical action of 
both casein and apple diet is similar or analogous.  Other available fiber rich foods do 
have potential of lowering lipids in the body such as soy, pectins, brans of cellulose, rice, 
oat [13,14,16,27]. Still main problem of isolated principle or fraction from complex 
fibers, diets and bran remains to solve while evaluation of cholesterol lowering based on 
enzyme activity is specific to cholesterol.  
 
     How to enhance the hypocholesterolemic effect by apple diets?   
    The method includes the steps of  apple pulp processing by: (i) disrupting (rupturing) 
the cell structure of the pulp material, (ii) reacting the disrupted pulp material with a first 
reactant(s) capable of chemically modifying at least a portion of the pendant hydroxyl 
groups on the fiber material contained in the pulp to pendant groups capable of 
chemically coupling with alkaline earth metal ions, and then (ii) reacting the modified 
fiber material with a second reactant(s) capable of chemically coupling an alkaline earth 
metal ion to the modified pendant groups.  An exemplary process includes the steps of 
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(aa) preconditioning the pulp by reacting the pulp with an aqueous solution of NaOH, 
(bb) reacting the preconditioned pulp with an aqueous solution of CH2 Cl-COOH to 
carboxylate the pendant hydroxyl groups on the fiber material contained in the 
preconditioned pulp, and then (cc) reacting the carboxylated fiber material with Ca(OH)2 
so as to bond Ca.supplementation to the pendant carboxyl groups [13,14,16,27].  
 
     What present study highlights? 
     Present study is a preliminary report indicating an evidence of apple diet benefit in 
cholesterol lowering and a possible enzyme mechanism responsible of cholesterol 
lowering while cytochrome P450 protein may act as biomarker in serum to evaluate the 
cholesterol lowering.   
      
     Current state of art is in the direction of investigation on dietary modification and 
effect on active or inactive forms of enzyme, better tracer techniques of enzyme 
estimation, better understanding of enzyme heterogeneity and physiological effects 
among species, apple processing advanced methods, and effective cholesterol lowering 
by dietary servings. The present study has limitation in predicting the effect of apple 
dietary fiber on cholesterol desaturation or lipid lowering as the study showed only 
evidence as preliminary data to support the possibility of cholesterol lowering by apple 
fiber supplementation to animals. It needs more investigations at different amounts of 
apple pulp supplementation in diet and estimation of cholesterol 7α hydroxylase in 
optimized reaction mixture. Other issue is cytochrome P450 protein may not represent as 
true cholesterol 7α hydroxylase enzyme in liver. It needs additional experiments of 
isolation of apple dietary fiber principle(s) responsible of cholesterol lowering in blood or 
liver and additional benefits in renal dysfunction, fecal excretion etc.  Present time, apple 
punch is FDA approved safe table drink with hope of cholesterol lowering effect but 
unconfirmed. 
 
Conclusion 
 
    Apple diet is rich in pulp and apple fiber may have the cholesterol lowering effect on 
the lipid metabolism in body. Cholesterol 7 Hydroxylase is rate limiting enzyme of 
cholesterol degradation. Apple pulp fiber may have stimulatory effect on cholesterol 7α 
hydroxylase enzyme while cholesterol also showed enhanced enzyme activities.  
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